ABSTRACT. The sweat of single sweat glands of healthy MATERIALS AND METHODS individuals and cystic fibrosis patients was analyzed for differences in bicarbonate, lactate, and pH. These values were monitored as a function of sweat rate simultaneously
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RESULTS
The means of the electrical potential and of the concentrations of sodium, potassium, chloride, and residual ions are shown in Table 1 together with the time after stimulation and sweat rate for all the single gland sweat samples collected for control and CF individuals. As shown previously (I), the concentrations of sodium, potassium, and chloride and the PDs were significantly elevated in C F sweat droplets (Table I) . No difference was found in sweat rate or in the concentrations of lactate (Fig. I) or bicarbonate ( Fig. 2) between C F and control sweat at any secretory rate even though the concentration of lactate in sweat and bicarbonate also varied considerably as a function of sweat rate ( Figs. 1 and 2 ). Since the concentration of residual ions (X), which is taken as the sum of the measured concentrations of cations minus the sum of the measured concentrations of anions, is close to zero for both control and CF sweat we surmise that the measured ions constitute the principle electrolytes in the sweat. These electrolytes probably account for the main ionic constituents ofthe primary sweat with insignificant contributions from other organic ions or proteins. Due to the limited quantity of sweat in the small samples, only a few samples could be analyzed for pH, but the data obtained showed that with decreasing sweat rates (i.e. with time) the pH of the sweat declined from about 7.3 at high sweat rates to at least 5.5 at low sweat rates (Fig. 2) .
DISCUSSION
Previous work. Previous studies (8) reported that lactate in the sweat from pooled secretions of single sweat glands obtained from a limited number of individuals ranged from 16 mM at high sweat rates to 40 mM at low sweat rates. We cannot explain the difference between the much lower lactate concentration that we found at low sweat rates or the opposite relationship between rate and concentration (Table I) . Using a similar technique, Kaiser et a/. (9) found lactate concentrations between 10 and 24 mM. More recently lactate measured in frontal sweat (10) was found to increase from about 1 I mM at low rates to about 21 mM at high rates. Similarly, frontal sweat from normal and C F children was reported (1 1) to contain about 16 mM in both populations. These results agree well with those presented here from glands secreting at higher sweat rates (Table I) .
Our values on pH and HC03-are consonant with other studies (8, 9, 12, 13) , but conflict with the findings of Kaiser and Drack (14) for the pH and HC03-of sweat from CF individuals. These investigators calculated the HCO3-concentration from the assumed pC02 and measured pH. Since their HC03-and pH values appear high in comparison to our values and those in other studies (8, 12, 13) , an error may have occurred due to incomplete equilibration of their samples with C02.
Possible mechanisms. The primary sweat elaborated in the secretory coil of the human sweat gland is thought to be close to isotonic with interstitial fluid so that sodium, potassium, and chloride appear in plasma-like concentrations (1 5-17) . Bicarbonate may also be secreted at concentrations slightly less than those of the plasma (15, 16) . Lactate is likely to be secreted by the secretory coil as a product of anaerobic oxidation (16) . Uptake of sodium and chloride takes place in the sweat duct (16, 17) and a Na/H exchange has been suggested to mediate the uptake of bicarbonate and possibly lactate in this part of the sweat gland (9, 18) . The possibility of a defect in the Na/H exchange mechanism in the CF sweat duct has been considered (14) . The present results may afford more insight into the mechanisms of the transport of HC0,-, lactate, and protons in the sweat gland. It is perhaps surprising, in view of the fact that CF sweat differs dramatically from normal in its concentration of Na, C1, and K as well as in the transepithelial PD associated with its production (1, 3, 19) , that no significant differences were found in pH or in lactate and bicarbonate concentrations (Table 1) . his finding, at once, suggests that the mechanism for handling these species is unaffected, or minimally affected, in CFand raises the question of what kind of mechanism might be unaffected in the face of such overt alterations in other electrolyte transport functions. We consider three classes of mechanisms which might be involved.
First, as with Na and C1 concentrations, the increased concentrations of lactate and HC03-in surface sweat with increased sweat rate may be due to decreased fractional reabsorption of these components in the sweat duct. In several tissues, anion transport across the cell depends largely on the electrical gradient, the sodium gradient, or a combination of these. For example, electrodiffusive lactate (or bicarbonate) transport may take place in intestine, renal proximal tubule, or placenta (20) (21) (22) . In contrast, sodium-dependent carrier-mediated lactate' uptake, electrogenic or electroneutral, may take place in the renal cortical tubule and intestinal brush border membranes (20, 23) and rabbit cortical or rat proximal brush border membranes (23, 24) . However, in the human sweat duct there is a significant difference in the transepithelial sodium and electrical gradients in the CF and control populations (Table 1 ). In the CF sweat duct both the mucosal membrane PD and Na gradient are greatly increased (13) . Since there is no significant difference between HC03-or lactate uptake in the CF gland, it seems unlikely that the above electrodiffusive or Na-dependent mechanisms play a major role in the transport of HC03-or lactate in the sweat duct. Nonetheless, a sodium-dependent and pH-independent (25) carrier-mediated lactate (or HC03-) uptake would depend on the Km for sodium. As such, further information is needed to rule out Nacotransport uptake mechanisms.
Second, a Na-independent, voltage-independent mechanism might exist with a nonconductive pathway such as Cl-/HC03-exchange as described for intestine and gallbladder (26) among other epithelia. A lactate/bicarbonate (OH-) exchange has been described (27) , but it is difficult to explain the role of such exchangers in the sweat duct since all three of the anions involved, C1-, HCO,-, and lactate decrease in concentration as a function of sweat rate (Table l) , i.e. all three anions are reabsorbed. An exchanger implies that one of the components should be secreted and show a reciprocal relation between concentration and rate.
Third, it may be more likely that the uptake of bicarbonate as well as lactate in the sweat duct is a function of proton secretion. The pH of precursor sweat is at least 7.25 in both groups (16) , so that acidification of the sweat (Fig. 2) must occur in the lumen of the sweat duct. Since the pH of the interstitial fluid is 7.4, protons are accumulated in the duct against a steep chemical gradient. This movement may occur via the direct secretion of protons into the lumen (28) or as an exchange process coupled to the downhill movement of sodium into the cells (29, 30) . Either process should accelerate the diffusion of nonionic lactate and bicarbonate (COz) from the lumen. The fact that at lower sweat rates. decreased DH is associated with decreased lactate and HCO~' concentration argues for proton driven absorption of these associable anions by nonionic diffusion. While we try to guard against circular logic, the fact that the pH of CF and normal sweat does not differ (Figure 2 ) is also consistent with this notion.
In conclusion, present evidence suggests that there is no detectable difference in the pH or the sweat concentrations of bicarbonate and lactate at any sweat rate between CF and control groups. We suggest that these anions are reabsorbed by nonionic diffusion as a function of proton secretion into the duct, but whatever the mechanism(s) responsible for managing these anions in CF, it is not markedly abnormal as previously suggested (7, 14) . The simplest interpretation possible at this time may be that the sweat duct secretes protons by a mechanism which is not affected in CF (12) .
